Various job aids have been developed to improve visual-inspection performance. Many of the job aids have been developed with the purpose of training inspectors to adopt systematic search strategies. While various research has shown that systematic search strategies are superior to random search strategies, exactly what systematic search strategy constitutes the most efficient search is still unclear. The purpose of this paper is to examine the effectiveness of a job-aiding tool that allows inspectors to inspect a stimulus with a natural search strategy while informing inspectors of areas that have already been searched. In general, the job-aiding tool significantly increased accuracy while decreasing search times and stopping times.
INTRODUCTION
Inspection is the operation whereby an actual product in whole or part is compared with relevant achievable standards (Batchelor, Hill, and Hodgson, 1985) . Although there are many types of inspection, the process often tends to be visual in nature. Visual inspection can be defined as the aided or unaided observation of details, without measurement, to determine the conformance and completeness of the part or finished product. Applications of industrial inspection include visual inspection of electric motors (Chaney and Teel, 1967) , airframe structures (Drury, Prabhu, and Gramopadhye, 1990) , and printed circuit board (Schoonhard, Gould, and Miller, 1973; Jiang, Bingham, Master, Gramopadhye, and Melloy, 2002) . The inspection process is a necessary component in manufacturing to maintain process control and to ensure that faulty products do not reach the customer. To remain competitive, manufacturers can accept only extremely low defect rates, often measured in parts per million. This situation requires almost perfect inspection performance in the search for nonconformities in a product, and the two functions central to inspection, visual search and decision making, have been shown to be the primary determinants of inspection performance (Drury, A visual search task has two primary characteristics: speed and accuracy. Speed refers to the time required to complete the task, whereas accuracy refers to the probability of detecting a fault. Studies in visual search have shown that both speed and accuracy can be improved with controlled practice (Parkes and Rennocks, 1971; Bloomfield, 1975; Gramopadhye, et al. 2002) . Training has consistently shown to be an effective way for improving various facets of visual inspection performance (Martineck and Sadacca, 1965 ; Czaja and Drury, 1981; Micalizzi and Goldberg, 1989; Gramopadhye, 1992) where the inspection task has a major search component. The visual search is typically modeled as a succession of area fixations (Bloomfield, 1975; Engel, 1977) . This sequence is usually represented as being either systematic (Williams, 1966) or random (Krendel and Wodininski, 1960) . A random search implies that an area may be covered more than once per scan. A systematic search pattern, on the other hand, assumes that the inspector, remembering the previous fixations, covers each area of the search field only once per scan. In practice, human visual-search strategy lies somewhere in between the two types of search strategy. (Arani, Drury, and Karwan, 1984 (Schoonard et al., 1973) , greater coverage of search area, and decreased inspection times (Wang et al., 1997) .
Various job-aids have been developed to improve inspection performance. Many of the job aids have been developed with the purpose of training inspectors to adopt systematic search strategies (Koenig, Nickles, Kimbler, Melloy, and Gramopadhye, 1998). These job-aids consist of a cursor following a regular, side-to-side pattern across the visual-search area. Subjects were instructed to follow the cursor as they search the entire visual area for a single defect. In a latter study conducted by Koenig, Gramopadhye, and Melloy (2002), it was found that increasing the speed of the pointer degraded performance. With the exception of fault rate, increasing the complexity of the task also degraded performance.
The visual field may contain either a single fault, multiple occurrences of multiple fault types, depending on the context. The search task itself can be categorized as either externallypaced (e.g. machine-paced) or self-paced. In the latter case, the inspector may proceed to the next item if a fault is detected before the prescribed time period (maximum search time) elapse, whereas in the former case he or she cannot.
Both theoretical (Moraski, Drury, and Kanvan, 1980) and
METHODOLOGY

Subjects
The subjects used for this study consisted of 8 graduate students (all enrolled in the College of Engineering at North Carolina A&T State University). The subjects' ages ranged from 21 to 32 years with an average age of 26 years. Gallwey and Drury (1 986) have shown that minimal differences exist between inspectors and student subjects on simulated tasks. The subjects were screened for 20/20 vision (correction if necessary). They were not paid for their time.
Equipment
The experiment was conducted on Pentium I11 computers with a 19" high-resolution (1 024 x 768) monitor with Windows NT Workstation 4.0 operating system. The subjects viewed the screen from a distance of approximately 500mm. Each subject used a Microsoft standard keyboard and a twobutton mouse as their input devices to respond to the stimulus material.
Stimulus Material
The task was a simulated visual inspection task to search for a target, and was written in Visual Basic 6.0. The task consisted of inspecting a screen filled with a set of 8 characters (the characters used varied with the difficulty of the task) as the background, which where randomly generated. The inspectors' task was to search the screen for a possible target X, or V, which was assigned randomly to a screen ( Figure 1 
Experiment Design
The study consisted of two trials, where the second trial was a replicate of the first. The 8 subjects were randomly assigned to two groups: a job-aiding group where subjects used a job-aiding tool during the second trial, and a control group. The experiment was a combined within-subjects and between-subjects design. The 2 x 2 (groups x trials) design consisted of the job-aiding, and control groups (with 4 subjects nested under each group), and the first and second trials (hereinafter designated as Trial 1 and Trial 2).
Procedure
First, the participants were required to complete a consent form and a demographic questionnaire. Following this, an overview of the experiment was presented to them, followed by a demonstration program in order to familiarize the subjects with the inspection task.
Next, the subjects performed the criterion visual search task in Trial 1 that consisted of 20 randomly ordered search areas with a total of 10 targets. After a break, the subjects from the job-aiding group were presented an enhanced simulator with a job-aiding tool and practiced on this enhanced simulator. As shown in Figure 2 , the job-aiding tool highlighted the subject's search path and helped himher aware the areas that had already been searched. Subjects from both control group and job-aiding group then performed Trial 2, which was identical in content to Trial 1. Subjects were not paced during any of the inspection tasks.
Data was collected over time on quantitative measures. The quantitative measures consisted of the speed and accuracy each task was performed. Speed measures include mean search time 'and mean stopping time, accuracy measure refers to mean hit rate. 
RESULTS
A two-factor (Group, Trial) experiment with repeated measures on one factor (Trial) was conducted with the three performance measures: hit rate, stopping time and search time. A Multivariate Analysis of Variance (MANOVA) was performed since there are three performance measures, some or all of which may be correlated. Significant Group (Wilks' Lamda=0.3301, p<O.Ol) and trial (Wilks' Lamda=0.4633, p<0.05) effects were found through the MANOVA. Therefore, Univariate Analysis of Variance (ANOVA) were conducted for each performance measure to find the cause of these effects.
Mean hit rate. The ANOVA indicated both a significant Group x Trial interaction (F(1,12) =5.29,p<0.05) and a significant Trial effect (F( 1,12)=10.44, p<O.Ol), as illustrated in Figure3. Since the interaction was significant, a Tukey procedure was conducted on the means from Trial 2, indicating the mean hit rate of the job-aiding group was significantly greater than that of the control group. 
DISCUSSION
The analysis revealed that the job-aiding group required less time to detect targets (on average) and detected more targets than the control group, indicating that by providing a job-aiding tool, inspection performance can be improved.
Since in practice, human visual-search strategy lies somewhere in between random search and systematic search and humans have limited short-term memory, the inspector might still cover each area more than once. On the hand, with the help of the job-aiding tool, each area scanned was highlighted and the inspector can avoid covering the same area more than one time. Essentially, the inspector adopts a systematic search strategy. Therefore, this study has once again proved that systematic search strategy results in superior performance, and decreased inspection times. It implies that training inspectors to adopt systematic search strategy is an effective way to improve inspection performance. Furthermore, this study provided an example to design a training program for certain inspection and maintenance tasks.
The job-aiding tool in this study provided a very important tool to examine the search pattern adopted by the inspector. Therefore, future studies can investigate exactly what systematic search strategy constitutes the most efficient search.
